Introduction and history
========================

Title IX of the educational amendments requires that any federally funded programs or institutions (such as high schools and universities) provide equal opportunity for participation in sports and extracurricular activities regardless of gender.[@b1-oajsm-8-085] Since the implementation of Title IX in 1972, the number of females participating in sports has dramatically increased. In the 2014--2015 school year, there were 7.8 million high school athletes participating in sports; females comprised \~42% of the population.[@b2-oajsm-8-085] Sport participation and physical activity in females boasts numerous benefits, including improved self-esteem and body image, higher academic success, and greater bone mineral density (BMD) as compared to nonactive females.[@b3-oajsm-8-085] The benefits of sport participation far outweigh the risks. However, in the 1980s and 1990s, clinicians and researchers identified a unique condition in a subset of female athletes, and in 1997, the American College of Sports Medicine (ACSM) established a position stand on the female athlete triad (Triad). The initial terms used to define the Triad were disordered eating (DE), amenorrhea, and osteoporosis.[@b4-oajsm-8-085] However, researchers and clinicians soon realized that these terms, with strict definitions and inclusion criteria, were too restrictive; many females suffering from components of the Triad were not successfully identified. It was discovered that Triad symptoms occur along a spectrum, and not as "absolute" ones.[@b5-oajsm-8-085] As such, an updated position stand was published in 2007, utilizing the terms low energy availability (EA) (with or without an eating disorder \[ED\]), menstrual dysfunction (MD), and low BMD.[@b3-oajsm-8-085] With the newly established definitions, as well as the understanding that the conditions occur along a spectrum, more females are successfully identified as suffering from the Triad and receive proper care.[@b3-oajsm-8-085] In addition, a consensus statement, endorsed by the Female Athlete Triad Coalition, ACSM, and the American Medical Society for Sports Medicine (AMSSM), was recently published utilizing the terms set forth in the 2007 position stand.[@b6-oajsm-8-085] Recently, other terms, such as Relative Energy Deficiency in Sports (RED-S), have gained attention in the literature.[@b7-oajsm-8-085] RED-S addresses a multisystems approach and discusses the effect of energy deficiency on numerous systems, including the gastrointestinal, metabolic, endocrine, and immunological systems. Advocates of RED-S theorize that Triad components are only a small portion of what is affected by lack of appropriate caloric intake.[@b7-oajsm-8-085] Although numerous systems may indeed be affected by a negative energy balance, this review employs terms related solely to the Triad: low EA, MD, and low BMD.[@b3-oajsm-8-085]

The purpose of this narrative review is to define Triad-related components and discuss examination and diagnosis of the Triad and multidisciplinary management of Triad-related components. To achieve this, a comprehensive search of relevant databases, including MEDLINE, Cochrane Database of Systematic Reviews and Controlled Trials, and Scopus, from the earliest dates to July 2016 was performed. Keywords that were used in the search include the following: adolescent female athlete, disordered eating, eating disorder, low energy availability, relative energy deficit, anorexia, bulimia, menstrual dysfunction, amenorrhea, oligoamenorrhea, bone mineral density, osteopenia, osteoporosis and stress fracture, and stress reaction. All articles were reviewed for relevance. Those articles that directly addressed identification, assessment, and management of any 1 or all of the Triad components in the adolescent and young adult female were included in this comprehensive review.

The female athlete triad
========================

The components of the female athlete triad are low EA (with or without an ED), MD, and low BMD.[@b3-oajsm-8-085] These conditions can occur in isolation or in combination. Although the estimated prevalence of the triad is low (0%--1.2%), the prevalence of any 2 or any 1 of the triad conditions ranges from 2.7% to 27.0% and 16.0% to 60.0%, respectively.[@b8-oajsm-8-085] As such, it is imperative that if 1 condition is identified, the clinician screen the athlete for the other conditions.

Low EA
------

EA is simple math: energy intake (in the form of calories) minus energy expenditure (utilized during exercise, normal activities of daily living, and normal bodily functions).[@b3-oajsm-8-085] EA occurs along a spectrum from optimal EA to low EA ([Figure 1](#f1-oajsm-8-085){ref-type="fig"}). Energy is first used for exercise; the remaining energy serves to regulate bodily functions, such as tissue healing, cardiovascular functioning, and menstruation.[@b3-oajsm-8-085],[@b9-oajsm-8-085] When EA falls into a negative balance, the body reacts by reducing the amount of energy needed for bodily functions, such as cellular maintenance, thermoregulation, and reproduction.[@b3-oajsm-8-085] This "shift" in energy distribution is not without negative consequences, as it impairs overall health.

Low EA can occur with or without an ED. Unintentional low EA is due to a lack of knowledge on the part of the athlete; she is simply unaware of the amount of daily calories needed to offset her training and normal bodily functions.[@b10-oajsm-8-085],[@b11-oajsm-8-085] Other athletes intentionally fall into low EA by dramatically reducing caloric intake, exercising excessively, or through a combination of both. Purposeful caloric restriction often manifests as DE and may involve restrictive eating, elimination of specific food groups, fasting, skipping meals, or use of diet pills, laxatives, diuretics, or binge-eating followed by purging.[@b3-oajsm-8-085],[@b11-oajsm-8-085],[@b12-oajsm-8-085] The most recent *Diagnostic and Statistical Manual of Mental Disorders* fifth edition (DSM-V) identifies specific subcategories of DE.[@b13-oajsm-8-085] The most prevalent category is Eating Disorder-Not Otherwise Specified (ED-NOS), where the individual manifests with some DE behaviors, but fails to meet the criteria of anorexia nervosa (AN) or bulimia nervosa (BN). Common signs and symptoms associated with DE behaviors are listed in [Table 1](#t1-oajsm-8-085){ref-type="table"}.[@b3-oajsm-8-085],[@b10-oajsm-8-085],[@b11-oajsm-8-085] Research suggests that, regardless of when unhealthy eating attitudes and behaviors manifest, the behaviors are formed during adolescence.[@b14-oajsm-8-085]--[@b16-oajsm-8-085] The prevalence of DE (AN, BN, and ED-NOS) has been examined in the high school population, in both athletes and sedentary individuals. The Eating Disorder Examination-Questionnaire (EDE-Q) is a self-report questionnaire reflecting eating behaviors over the previous 28 days. It has high internal consistency and moderate-to-high concurrent and criterion validity.[@b17-oajsm-8-085]--[@b19-oajsm-8-085] Using the EDE-Q, the prevalence of DE behaviors in adolescent and young female athletes has been found to range from 18.0s% to 35.0%.[@b20-oajsm-8-085]--[@b22-oajsm-8-085] Using an energy expenditure calculation, Hoch et al[@b23-oajsm-8-085] determined the prevalence of DE in high school athletes and sedentary controls to be 36% and 39%, respectively.

The negative consequences, both short- and long-term, of DE are substantial. Females with DE report suffering from low self-esteem, depression, and anxiety. They may also experience cardiovascular, endocrine, gastrointestinal, and renal complications as well as poor sleep patterns.[@b24-oajsm-8-085] The long-term effects are significant; DE in adolescence is negatively associated with socioeconomic achievement during early adulthood and actually predicts DE behavior in adulthood.[@b25-oajsm-8-085] In addition, DE behaviors affect sport performance. Junior elite female swimmers with low EA had poor sport performance compared to healthy peers; high school athletes with DE behaviors were more than twice as likely to sustain a musculoskeletal injury during their competitive season.[@b22-oajsm-8-085],[@b26-oajsm-8-085]

Another avenue in which athletes can fall into low EA is by exercising excessively. In a study of over 300 high school female athletes, almost 60% of females reported training outside of scheduled practice sessions.[@b22-oajsm-8-085] The clinical significance of this is substantial: in females with DE behaviors, "overexercising" is the variable most strongly associated with suicidal behaviors.[@b27-oajsm-8-085]

MD
--

Similar to EA, menstrual function occurs along a spectrum, ranging from eumenorrhea (normal menses) to amenorrhea ([Figure 1](#f1-oajsm-8-085){ref-type="fig"}).[@b3-oajsm-8-085] The overarching term of MD includes subcategories of primary amenorrhea, secondary amenorrhea, and oligomenorrhea.[@b3-oajsm-8-085] Primary amenorrhea is a delay in the onset of menses, where the female has not started menstruating by age 15.[@b3-oajsm-8-085],[@b28-oajsm-8-085] Secondary amenorrhea is a cessation of menstruation for 3 consecutive months in a female who has started menstruating. Lastly, oligomenorrhea is menstrual cycles occurring regularly, but \>35 days apart.[@b3-oajsm-8-085]

Determining the prevalence of MD comes with challenges, particularly in the adolescent population. Menstrual irregularity immediately after the onset of menses is very common. However, normalization of menstruation occurs within 2 years of menarche in 90% of females; as such, researchers exclude the first 2 years postmenarche when considering MD.[@b29-oajsm-8-085] The prevalence of MD in adolescent females has been studied via self-report. In the high school population, MD (excluding the 2 years after the onset of menses) ranges from 18.8% to 54%.[@b20-oajsm-8-085]--[@b23-oajsm-8-085] Lean build athletes and esthetic athletes (cheerleading, pom-pon squad, dance team, diving, and gymnastics) have a significantly higher prevalence of MD (26.7% and 28.2%, respectively) when compared to general high school athletes.[@b20-oajsm-8-085],[@b22-oajsm-8-085]

Although many high school athletes feel that a lack of menstruation is a sign of "being in shape" and consider their period an inconvenience while participating in sport, the negative consequences of MD are significant. Amenorrheic women experience infertility, as they do not develop ovarian follicles or ovulate.[@b3-oajsm-8-085] However, with proper treatment, ovulation can resume and often does prior to menstruation. As such, the female athlete may be ovulating, but is unaware of it because she has not resumed menstruating. Therefore, there is a risk of an unexpected pregnancy if a form of birth control is not utilized during this time. Other consequences of MD include luteal deficiency, which may also cause infertility due to poor follicular development or failure of implantation of a fertilized egg. In addition, low estrogen levels, which are commonly seen with MD, can result in impaired endothelium and dependent arterial vasodilation, which reduces the perfusion of working muscle.[@b30-oajsm-8-085]

Low BMD
-------

BMD occurs across a spectrum, ranging from optimal bone health to osteoporosis ([Figure 1](#f1-oajsm-8-085){ref-type="fig"}).[@b3-oajsm-8-085] BMD is diagnosed via dual-energy X-ray absorptiometry (DXA). In postmenopausal women, the terms osteopenia and osteoporosis have clearly established definitions. Osteopenia is defined as a BMD *T*-score between −1.0 and −2.5, and osteoporosis is a *T*-score of \<−2.5.[@b31-oajsm-8-085] However, these normal values were established using data from Caucasian, postmenopausal woman; as such, they cannot be used when assessing adolescents and premenopausal females. Therefore, the International Society for Clinical Densitometry (ISCD) recommends avoiding the terms osteopenia and osteoporosis in this population. In addition, it is recommended that BMD in this population be expressed as *Z*-scores, as these scores compare individuals to age- and sex-matched controls. In adolescent and premenopausal females, any *Z*-score \<−2.0 is defined as "low bone density for chronological age".[@b32-oajsm-8-085]

BMD is reflective of numerous other variables, including EA, menstrual status, genetic composition, and environmental factors. Because of this, a 1-time "snapshot" of BMD in the adolescent or young adult female does not provide as much information as does changes in BMD that occur longitudinally.[@b3-oajsm-8-085],[@b33-oajsm-8-085] Therefore, there are a limited number of studies that examine BMD in adolescent athletes.[@b21-oajsm-8-085],[@b23-oajsm-8-085],[@b34-oajsm-8-085],[@b35-oajsm-8-085] In a study by Nichols et al,[@b21-oajsm-8-085] the prevalence of low bone mass in 170 high school females was determined to be 21.8%. In 80 high school female athletes, 13% had a *Z*-score between −1.0 and −1.9, and 3% had a *Z*-score of ≤−2.0.[@b23-oajsm-8-085] Ackerman et al[@b34-oajsm-8-085] demonstrated that lumbar BMD *Z*-scores were lower in amenorrheic athletes as compared to eumenorrheic athletes and nonathletes. In addition, amenorrheic athletes also had impaired bone microarchitecture compared to the other groups.[@b34-oajsm-8-085]

The long-term consequences of decreased bone acquisition during adolescence are substantial. Adolescence and young adulthood is a time of maximal bone mass accrual; a lack of maximal bone acquisition may result in osteoporosis later in life.[@b36-oajsm-8-085] Therefore, achieving maximal BMD during adolescence is critical for the overall long-term health of the female's skeletal system.[@b36-oajsm-8-085],[@b37-oajsm-8-085]

Examination and diagnosis
=========================

Early detection of signs and symptoms related to the Triad is critical as early identification and early intervention are associated with better outcomes.[@b38-oajsm-8-085] Screening for the Triad should be undertaken as part of the pre-participation physical evaluation on an annual basis, at both the high school and collegiate levels.[@b6-oajsm-8-085] There are multiple screening questionnaires noted in the literature, including the Low Energy Availability in Females Questionnaire,[@b39-oajsm-8-085] RED-S Risk Assessment Model,[@b7-oajsm-8-085] and the Female Athlete Triad: Cumulative Risk Assessment.[@b6-oajsm-8-085] Currently, a "gold standard" screening tool does not exist; however, screening questions should address all Triad-related components ([Table 2](#t2-oajsm-8-085){ref-type="table"}).[@b6-oajsm-8-085]

Screening questionnaires can be utilized at any time if a health care professional suspects that an athlete has developed Triad-related conditions outside of the preseason setting. These tools can also be used to assess any female, regardless of whether she participates in organized sport. In the high school and collegiate setting, struggling athletes are often first identified by their athletic trainer or teammates and then encouraged to seek help. Progressive weight loss, DE behaviors, and irritability can be clues that an athlete suffers from 1 or all of the Triad-related conditions. Some athletes present due to concerns about declining performance or are identified after sustaining an overuse injury, such as a stress fracture. If 1 component of the Triad exists, a more thorough examination of other Triad components should ensue. The care of the athlete should be managed by a health care professional knowledgeable of Triad-related conditions. Often, this is a primary care physician who can perform the appropriate studies and identify team members essential in the treatment process.

Low EA
------

The workup for low EA should be tailored to the patient's severity of illness and resources available. Adolescent and young adult females who might be suffering from low EA should undergo a comprehensive physical examination combined with appropriate laboratory tests. A body mass index (BMI) of \<17.5 kg/m^2^ or \<85% of expected body weight may indicate low EA, but is a flawed measure. Absolute BMI cutoffs should not be used for adolescents.[@b6-oajsm-8-085] BMI can be an imprecise measure in the athletic population with higher percentage of lean body mass compared to nonathletes.[@b40-oajsm-8-085] Furthermore, a state of low EA can occur in athletes with a normal BMI and in those whose weight is stable if they do not consume enough calories to account for energy used in exercise. The assessment of EA, determined by detailed dietary intake and energy expenditure records, is time intensive and requires the expertise of a trained sports dietitian or exercise physiologist.[@b6-oajsm-8-085] As such, this may not be possible in environments with minimal access to these resources. Dietary intake and energy expenditure records also rely on accurate self-reporting by the athlete, which is time intensive.

Signs of low EA on physical exam include bradycardia, lanugo (course hair) on the extremities, and evidence of dehydration.[@b26-oajsm-8-085] Based on the findings from the physical examination, the provider may order the following labs: serum electrolytes; renal function (BUN, Cr); calcium; liver function tests; thyroid-stimulating hormone (TSH); complete blood count, differential, and platelets; urinalysis; iron studies; vitamin D; vitamin B12; magnesium; and phosphorous.[@b26-oajsm-8-085] The results of these tests will give the provider a profile of the patient's hydration status and kidney and liver function and identify if anemia or other medical conditions are present. Lastly, in patients who present with overt AN, heart palpitations, syncope, and a resting heart rate in supine \<50 bpm, an electrocardiogram is recommended.[@b26-oajsm-8-085]

MD
--

Functional hypothalamic amenorrhea due to low EA is a diagnosis of exclusion; athletes should be evaluated for other causes of primary or secondary amenorrhea including pregnancy and endocrine system disorders. First, pregnancy should be excluded in all cases. In athletes who have yet to reach menarche, outflow tract obstruction is an important consideration. Congenital causes of primary amenorrhea include imperforate hymen and Müllerian agenesis; a pelvic ultrasound may be obtained.[@b6-oajsm-8-085],[@b41-oajsm-8-085] The provider should consider causes of primary ovarian insufficiency such as Turner syndrome, which can be suggested by dysmorphic features such as a webbed neck or low hairline.[@b41-oajsm-8-085] Disruption of the hypothalamic or pituitary function can be evaluated with the following laboratory tests: serum luteinizing hormone, follicle-stimulating hormone, prolactin, total and free estradiol, total and free testosterone, TSH and free T4, and dehydroepiandrosterone and its sulfate.[@b26-oajsm-8-085] These tests evaluate for thyroid dysfunction, hyperprolactinemia, primary ovarian insufficiency, hypothalamic and pituitary disorders, and polycystic ovary syndrome. They should be performed based on clinical suspicion due to symptoms and physical exam findings such as hirsutism, acne, fatigue, and dry skin.[@b6-oajsm-8-085],[@b42-oajsm-8-085] In the case where the diagnosis of MD is due to a medical condition other than negative energy balance, the athlete may be referred to an endocrinologist for further evaluation and management.

Low BMD
-------

Low BMD is often first identified when an athlete presents with a stress fracture. A DXA scan is the preferred method for evaluating bone density. Indications for obtaining a DXA scan are multifactorial and include factors such as BMI ≤17.5 kg/m^2^, onset of menses ≥16 years of age, a history of DSM-V-diagnosed ED, and a history of stress fracture(s).[@b6-oajsm-8-085] A detailed algorithm is reported elsewhere in the literature.[@b6-oajsm-8-085] As previously stated, a 1-time snapshot of an adolescent female's BMD will not be as helpful as monitoring bone acquisition over time. However, a baseline should be established in at-risk athletes. The recommended BMD sites in the adolescent female include total body less head and the posterior--anterior spine.[@b43-oajsm-8-085] The reader is referred elsewhere for details regarding BMD sites in the adolescent female.[@b43-oajsm-8-085]

Management of the triad
=======================

Management of Triad-related components is complex and multifactorial. As such, a multidisciplinary approach is vital.[@b44-oajsm-8-085] Each team member provides a unique perspective and has a well-defined role within the team ([Table 3](#t3-oajsm-8-085){ref-type="table"}). Because every athlete has unique needs, not every health care professional listed in [Table 3](#t3-oajsm-8-085){ref-type="table"} may be involved in the care of the athlete; the primary care physician typically oversees the multidisciplinary team and makes recommendations related to which team members are necessary in the care of the athlete.

The need for an individualized program to provide appropriate care for the athlete cannot be overemphasized. Research has shown large intraindividual variability in physical characteristics and physiological attributes in female athletes who play the same sport and even large variability in the same position within that sport.[@b45-oajsm-8-085] Nikolaidis et al examined 61 female volleyball players from the top 2 leagues in Greece. Athletes were divided into 3 groups: under 14, 14--18, and over 18 years. The authors found significant large intraindividual variability, regardless of age, level of play, and experience.[@b45-oajsm-8-085] As such, a training program for 1 middle blocker may not be effective for another middle blocker on the same team. Similarly, 1 program to address low EA in a basketball player may be ineffective in another player on the same team. Therefore, each program must meet the unique needs of the athlete.

Low EA
------

The goal of treatment for females with low EA is to resume a positive energy balance. Management of low EA is dependent upon how the athlete fell into negative energy balance in the first place. Recall, some athletes have low EA simply because they are unaware of the caloric demands of their sport combined with normal bodily functions. If this is indeed the case, a referral to a registered dietitian (RD) or sports nutritionist is adequate. Females with unintentional low EA typically do not present with the psychosocial components seen in individuals with intentional DE behaviors, such as depression, anxiety, and obsessive compulsive disorder. As such, a referral to a psychologist is not indicated.[@b6-oajsm-8-085]

In the case where low EA is due to intentional restrictive caloric intake and/or excessive caloric expenditure (in the form of "overexercising"), treatment requires a multidisciplinary team. In this case, reversal of low EA will not be successful without the input of a mental health professional.[@b46-oajsm-8-085],[@b47-oajsm-8-085] The physician, RD or sports nutritionist, psychologist, or other mental health professional each has a role. The goals for this athlete include normalizing her eating behaviors and altering negative beliefs related to food and body image.[@b48-oajsm-8-085]

If the ED is mild, or low EA is unintentional, the overseeing physician may allow the athlete to continue to practice and compete with restrictions. In this situation, the athletic trainer or physical therapist will play a key role in the design of the athlete's training program. Typically, the athletic trainer has more contact with the coaching staff and athlete, and therefore, is best suited to design a training program for the athlete. However, in situations where there is no athletic trainer present or the athletic trainer works for limited hours, the physical therapist in the outpatient setting may be charged with training program design. Regardless, the physical therapist or athletic trainer will need to work closely with the RD or sports nutritionist to design a program that maintains a positive energy balance for the athlete. As caloric consumption changes, the athlete's training program must mirror these changes to maintain adequate EA. As such, the physical therapist or athletic trainer and RD or sports nutritionist must maintain constant communication. In addition, the athlete must have a thorough understanding that training is restricted to the program designed for them; "overtraining" or training outside of the designated program is forbidden.

Pharmacologic management of EDs may be considered in patients with conditions resistant to non-pharmacologic means or with certain psychological comorbidities. There is no evidence that selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants, or antipsychotics are effective in treating AN.[@b49-oajsm-8-085],[@b50-oajsm-8-085] However, a Cochrane review in 2003 found that antidepressant agents were effective for the treatment of BN compared to placebo.[@b51-oajsm-8-085] In particular, the SSRI, fluoxetine, has been the most studied and has been found to be superior to placebo for reduction of binging and vomiting frequency, eating attitudes, and depression.[@b50-oajsm-8-085] If other comorbid conditions, such as anxiety, depression, and obsessive compulsive behavior, are identified in the female with DE, psychotropic medications can be beneficial to treat those particular conditions.[@b6-oajsm-8-085]

Measurements of weight and BMI should not be a focus when working with the female athlete who is trying to achieve a positive energy balance. However, weight gain and an increase in BMI will most likely be observed once positive EA is achieved. Athletes may perceive this as a negative consequence. On the contrary, research has proven otherwise. In a study by Nikolaidis, 54 female soccer players were divided into 3 groups by BMI: \<21, 21--23, and \>23 kg/m^2^.[@b52-oajsm-8-085] A battery of fitness tests was subsequently performed. The author found that soccer players with average BMI (21--23 kg/m^2^) were stronger than those with low BMI and had better mean power than those with high BMI. The author concluded that achieving an optimal BMI may lead to improvements in power, which may result in enhanced performance.[@b52-oajsm-8-085] This information is an essential component of patient education when working with the young female athlete who is trying to improve overall performance.

MD
--

If other causes of MD have been ruled out by the gynecologist or endocrinologist, resumption of menses should occur through restoration of EA without pharmacologic intervention. In a retrospective study of 51 female collegiate athletes with MD who resumed menses without pharmacologic intervention, percentage weight gain was identified as the strongest predictor of resumption of menses.[@b53-oajsm-8-085]

Caloric consumption is typically increased gradually, with enough of an increase to result in a gain of approximately 1 pound/week.[@b6-oajsm-8-085] Because of this slow, gradual increase, menses may not resume immediately. In a study by Arends et al, the average time to resumption of menses without pharmacologic intervention was 15 months.[@b53-oajsm-8-085] Therefore, the athlete must be educated that, even though she has not yet resumed menses, she may be ovulating, and some form of contraception is required if the athlete does not desire to become pregnant. Careful monitoring of EA and weight gain is paramount to the resumption of menses.

Pharmacologic treatment for MD is reserved only for those patients with symptoms of estrogen deficiency or infertility.[@b6-oajsm-8-085] Oral and nonoral contraceptives for MD have been studied extensively and are not recommended.[@b6-oajsm-8-085],[@b54-oajsm-8-085],[@b55-oajsm-8-085] Hormone-containing contraceptives do induce withdrawal bleeding, but this does not restore spontaneous menses, nor is it associated with improvement in the function of the endocrine system. Furthermore, contraceptive-induced bleeding might provide false reassurance to providers and patients that the hormonal milieu is improving and delay efforts to improve nutrition and exercise behaviors.[@b6-oajsm-8-085] While not indicated for amenorrhea, providers should not restrict hormone-containing contraceptives for contraception when needed.

Low BMD
-------

The goal of treating females with low BMD is to prevent further bone loss and attempt to recover lost BMD. Research has shown that weight gain and resumption of menses are critical to prevent further bone loss and to improve overall bone health.[@b56-oajsm-8-085]--[@b60-oajsm-8-085] A few studies have shown that weight gain in isolation has a positive effect of BMD.[@b61-oajsm-8-085],[@b62-oajsm-8-085]

If amenorrhea goes untreated, females will continue to lose bone mass at a rate of 2--3% per year.[@b57-oajsm-8-085],[@b58-oajsm-8-085] It is critical for the young female athlete to understand the ramifications of amenorrhea: a lack of menstruation for as little as 6 months during adolescence, which is a critical time for bone acquisition, can result in a loss of bone of 1--2%.[@b57-oajsm-8-085],[@b58-oajsm-8-085]

In addition to weight gain and resumption of menses, weight-bearing exercise is a proven nonpharmacological strategy for increasing BMD.[@b63-oajsm-8-085] Bone is highly responsive to loading activities seen with impact and resistance training.[@b64-oajsm-8-085] Interestingly, weight-bearing exercise combined with resistance training increases bone mass in the premenopausal years; however, the results are mixed when each activity is performed in isolation.[@b57-oajsm-8-085],[@b65-oajsm-8-085] In addition, fat-free mass has been shown to be a significant positive predictor of changes in bone and was even a stronger predictor of BMD change than the change in fat mass or body weight.[@b57-oajsm-8-085],[@b65-oajsm-8-085] As such, both weight-bearing activity and resistance training, which improve fat-free mass, play a role in bone acquisition in the premenopausal female. Most importantly, any training program geared toward increasing BMD needs to have both components.

Athletic trainers and physical therapists play a key role in educating the athlete on interventions to improve BMD in the female athlete with Triad-related conditions. Once resistance training and weight-bearing activities are allowed, the athletic trainer or physical therapist will design an exercise program that includes the appropriate amount of impact and resistance training while concurrently meeting the sport-specific goals of the athlete. For example, a female gymnast who was recently suffering from low EA and secondary amenorrhea may have recently resumed menstruation after a weight gain and completing sessions of cognitive behavioral therapy with a psychologist. She has been cleared by her physician to resume training. Her goal is to compete in floor exercise and vault. Combining weight-bearing exercise and resistance training with her goal of competing in a floor routine and vault can be done with relative ease; her sport-specific training has a weight-bearing component. On the other hand, designing a training program for a swimmer proves to be more challenging. Because her primary activity for training does not include weight-bearing, the athletic trainer or physical therapist must carefully design a training program that affords her adequate time in the pool to train, but has components of land-based weight-bearing and resistance training to increase BMD. All of this must be done while maintaining a positive energy balance.

Regarding pharmacologic strategies, estrogen-containing oral contraceptives are not effective for increasing BMD and should not be used for that purpose.[@b6-oajsm-8-085],[@b54-oajsm-8-085],[@b55-oajsm-8-085],[@b66-oajsm-8-085],[@b67-oajsm-8-085] There is no evidence regarding the use of transdermal estrogen or testosterone in the treatment of low BMD in amenorrheic athletes. A Cochrane review in 2014 regarding the risk of fractures in women who use hormone-containing contraceptives suggested that depot medtroxyprogesterone acetate was associated with decreased BMD, though this was not specific to the athletic or ED population.[@b68-oajsm-8-085]

Vitamin D supplementation is recommended to maintain serum 25-hydroxyvitamin D levels between 32 and 50 ng/mL, and calcium intake should be between 1000 and 1300 mg/day.[@b6-oajsm-8-085],[@b69-oajsm-8-085] Serum 25-hydroxyvitamin D levels \<30 ng/mL are associated with increased incidence of stress fracture.[@b70-oajsm-8-085] There is evidence that vitamin D and calcium supplementation can prevent stress fractures in the athletic population.[@b71-oajsm-8-085]

There is currently no strong recommendation for the use of bisphosphonates in the prevention or treatment of low BMD for premenopausal athletes. While BMD *Z*-scores \<−1.0 in athletes may confer increased fracture risk,[@b3-oajsm-8-085] it is not clear that pharmacotherapy is effective in preventing fracture or improving bone health outcomes. Furthermore, bisphosphonates have long half-lives, which is of concern in the pre-menopausal population given the teratogenic risks. However, if all nonpharmacologic treatments have been exhausted for the treatment of low BMD in the athletic population, it is appropriate to pursue consultation with an endocrinologist to discuss the initiation of bisphosphonate therapy.

Conclusion
==========

The components of the female athlete triad are low EA (with or without an ED), MD, and low BMD. These conditions can occur collectively or in isolation. Signs and symptoms commonly observed include rapid weight loss, restrictive eating or fasting, and use of diet pills; cessation of menstruation in a eumenorrheic female; and stress fractures and overuse injuries that are slow to heal. Coaches, parents, health care professionals, and fellow teammates should be aware of any of these signs and symptoms and discuss any concerns with the athlete privately. Screening for the Triad should occur during the preparticipation examination or any time components of the Triad are suspected. Specific test and measures, including laboratory testing and assessment of BMD, should be ordered at the discretion of a primary health care provider who is knowledgeable in the assessment and treatment of the Triad. A multidisciplinary team, spearheaded by the primary care physician, must work closely together to provide optimal care for the athlete. All team members must be consistent in the information provided to the athlete; inconsistent information and "mixed messages" will lead to a lack of trust and confidence in the team by the athlete. Non-pharmacologic interventions are the first choice in treating Triad components; pharmacologic intervention should be used with scrutiny. Throughout the recovery process, the athlete needs to feel respected and that her feelings, thoughts, and opinions about the recovery process plan are valued. With a team of experts working collaboratively with each other and the female athlete, the goal of resuming a healthy lifestyle, including successful participation in sport, can be achieved.
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**Notes:** The spectrum's of energy availability, menstrual function, and bone mineral density along which female athletes are distributed (narrow arrows). An athlete's condition moves along each spectrum at a different rate, in one direction or the other, according to her diet and exercise habits. Energy availability, defined as dietary energy intake minus exercise energy expenditure, affects bone mineral density both directly via metabolic hormones and indirectly via effects on menstrual function and thereby estrogen (thick arrows). Reproduced with permission from Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen J, Warren MP; American College of Sports Medicine. American College of Sports Medicine position stand. The female athlete triad. *Med Sci Sports Exerc*. 2007;39(10):1867--1882. Promotional and commercial use of the material in print, digital or mobile device format is prohibited without the permission from the publisher Wolters Kluwer. Please contact <healthpermissions@wolterskluwer.com> for further information.[@b3-oajsm-8-085]\
**Abbreviation:** BMD, bone mineral density.](oajsm-8-085Fig1){#f1-oajsm-8-085}

###### 

Signs and symptoms commonly seen with disordered eating behaviors

  Signs and symptoms
  ----------------------------------------------------------
  Sudden weight loss (not explained by illness)
  Lack of expected or normal weight gain during puberty
  Early satiety
  Delayed onset of menstruation (primary amenorrhea)
  Cessation of menstruation (secondary amenorrhea)
  Depression, anxiety, or compulsive type of behavior
  Chest pain with or without palpitations
  Fatigue
  Gastrointestinal irregularity (constipation or diarrhea)
  Stress fractures
  Delayed healing in any musculoskeletal injury

**Note:** Data from Nattiv et al,[@b3-oajsm-8-085] Beals and Hill,[@b10-oajsm-8-085] and Beals.[@b11-oajsm-8-085]

###### 

Triad consensus panel screening questions

  Screening questions
  ---------------------------------------------------------------------------------------------
  Have you ever had a menstrual period?
  How old were you when you had your first menstrual period?
  When was your most recent menstrual period?
  How many periods have you had in the past 12 months?
  Are you presently taking any female hormones (estrogen, progesterone, birth control pills)?
  Do you worry about your weight?
  Are you trying to or has anyone recommended that you gain or lose weight?
  Are you on a special diet or do you avoid certain types of foods or food groups?
  Have you ever had an eating disorder?
  Have you ever had a stress fracture?
  Have you ever been told you have low bone density (osteopenia or osteoporosis)?

**Note:** Reproduced from *Br J Sports Med*. 2014 female athlete triad coalition consensus statement on treatment and return to play of the female athlete triad: 1st International Conference held in San Francisco, California, May 2012 and 2nd International Conference held in Indianapolis, Indiana, May 2013. De Souza MJ, Nattiv A, Joy E, et al; Expert Panel. 2014;48(4):289, with permission from BMJ Publishing Group Ltd.[@b6-oajsm-8-085]

###### 

Roles and responsibilities of multidisciplinary team members involved in the care of the female suffering from Triad-related disorders

  Team member(s)                                                                                                                                                                           Roles
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------
  Athlete                                                                                                                                                                                  Abides by the guidelines established with team members
  Communicates concerns (and successes) with team members                                                                                                                                  
  Keeps lines of communication open                                                                                                                                                        
  Family members (parents, siblings)                                                                                                                                                       Support and encourage the athlete
  Create a positive environment for the athlete                                                                                                                                            
  Provide an environment for success (purchase healthy food choices, set a good example by making good food and exercise choices)                                                          
  PCP: pediatrician or family practice physician who specializes in sports medicine[@b72-oajsm-8-085]                                                                                      Oversees the team
  Performs PE and orders appropriate studies                                                                                                                                               
  Orders appropriate medication(s)                                                                                                                                                         
  Registered dietitian/nutritionist                                                                                                                                                        Educates the athlete regarding general health food choices as well as sport-specific food choices related to training and competition
  Oversees the restoration of positive energy balance; research suggests that 30 kcal/kg FFM/day is enough to restore a female athlete to a eumenorrheic state                             
  May use a 3-day food diary to assess caloric consumption                                                                                                                                 
  Gynecologist and/or endocrinologist                                                                                                                                                      May be involved to determine the cause of menstrual dysfunction, especially if typical causes have been ruled out by the PCP
  Physical therapist                                                                                                                                                                       Provides rehabilitation guidelines for injury management (stress fractures, overuse injuries) and recovery
  Makes exercise recommendations to promote bone acquisition[@b36-oajsm-8-085],[@b73-oajsm-8-085]--[@b75-oajsm-8-085]                                                                      
  Athletic trainer                                                                                                                                                                         Manages injuries and educates the athlete in injury prevention
  Provides daily support and encouragement for the athlete and maintains open communication with all team members regarding the athlete's progress[@b73-oajsm-8-085]--[@b78-oajsm-8-085]   
  Psychologist/psychiatrist                                                                                                                                                                Determines if there is an underlying diagnosis (anxiety, depression) that may be triggering
  Triad-related conditions; the psychiatrist prescribes medication when necessary                                                                                                          
  Provides support and management strategies for coping with the condition                                                                                                                 

**Abbreviations:** PCP, primary care physician; PE, physical examination; FFM, fat-free mass.
